Soil seed banks are a vital part of ecosystems and influence community dynamics and regeneration. Although soil seed banks in different habitats have been reported, how soil seed banks vary with elevational gradients in different climatic zones is still unknown. This paper investigates seed density, species composition and nonconstituent species of forest soil seed banks in Yunnan Province, southwest China. Similarity between the soil seed bank and standing vegetation was also examined. We collected soil samples from sites spanning 12 elevations in tropical rain forests, subtropical evergreen broadleaved forests and subalpine coniferous forests, and transported them to a glasshouse for germination trials for species identification. The soil seed banks of tropical and subtropical forests had much higher seed densities and species richness than those of subalpine forests. Seeds of woody species dominated the soil seed banks of tropical and subtropical forests, while herbs dominated those of subalpine forests. The nonconstituent species in the soil seed banks were all herbs and were most abundant in tropical forests, followed by subtropical forests but were completely absent from subalpine forests.
Introduction
The soil seed bank consists of seeds present on or in the soil, and it contributes to vegetation succession when dormancy-breaking and germination requirements of the seeds are met (Bakker et al., 1996; Funes et al., 2001; Erfanzadeh et al., 2013) , especially in those ecosystems experiencing frequent disturbances (Davies and Waite, 1998; Li et al., 2004; Lin et al., 2006; Milberg, 1995; Willems and Bik, 1998) .
The soil seed bank changes in seed density and species composition with vegetation succession (Cao et al., 1996 (Cao et al., , 2000a Funes et al., 2003; Perera, 2005; Erfanzadeh et al., 2010; Tang et al., 1999) . Ortega et al. (1997) found that both the richness and density of seeds in the soil seed bank decreased with elevation in mountain grasslands. Jalili et al. (2003) observed that seed density decreased with elevation in Iran, because the harsh environment at higher elevations reduced seed production and promoted vegetative reproduction of plants. Alternatively, Funes et al. (2003) showed that soil seed bank richness and density increase with elevation in Argentina as a result of two processes: the relatively warm conditions at the lower elevations which enhance seed predation, while the cold climate at the high elevations may favor the formation of persistent seed banks. Soil seed banks also had high variability in seed density and species composition among different forest types. In a study on the effects of elevational change (1500 me3500 m) on soil seed banks in the Taibai Mountains of northern China, the number of species decreased with elevation, although seed density peaked at mid-elevation (2600 m) (Zhang and Fang, 2004a) . Similar trends of species richness and seed density were also observed in soil seed banks of Picea schrenkiana forests in the Tianshan Mountains (1450e2750 m) in northwest China (Li et al., 2012) . In the tropical forests of Xishuangbanna in southwest China, soil seed density ranged from 4585 seeds/m 2 (seasonal rain forest) to 65,665 seeds/m 2 (4-year-old secondary forest) in the top 10 cm of soil, while the number of species ranged from 50 to 59 (Cao et al., 2000a,b) . Li et al. (2010) found that the soil seed density was 6160-22,760 seeds/m 2 , with 29e62 species, in subtropical forests of Ailao Mountain, Yunnan, but only 185.5e1065.6 seeds/m 2 were reported in subalpine coniferous forests Liu, 2004, 2005) . The similarity between soil seed banks and standing vegetation provides insight into the response of a community to disturbance (Hopfensperger, 2007) . Many species in standing vegetation do not occur in soil seed banks, suggesting little similarity (Amiaud and Touzard, 2004; Esmailzadeh et al., 2011) . Similarity was also lower in forest ecosystems than in grasslands and wetlands (Hopfensperger, 2007) . Tang et al. (1999) found more seeds of common species in both the soil seed bank and standing vegetation at the initial stages of forest succession, but such a similarity in species decreased with succession. In five shrub communities in the Strandveld Succulent Karoo of South Africa, Sørensen indices between standing vegetation and soil seed bank averaged 47.9%, showing a relatively high similarity (Villiers et al., 2003) . In subarctic plant communities in the early phase of regeneration in Finland, however, very low similarity occurred between the soil seed bank, seedlings emerging in the field, and standing vegetation (Welling et al., 2015) . In the Tianshan Mountains (1750e2750 m) of northwest China, the Jaccard Index between the soil seed bank and standing vegetation decreased with elevation (Zhou et al., 2013) . However, it has not been determined how soil seed banks respond to disturbance at different elevations.
Based on the study of soil seed banks in evergreen broad-leaved forests in Yunnan Province, southwest China, a new species group, i.e. nonconstituent species that occur in a natural landscape but are not native to it, has been recognized (Lin et al., 2006) . In fragmented forests or disturbed forests, nonconstituent species may become established in habitats that differ from closed forests or their successional communities. Nonconstituent species are mostly exotics when considered in terms of both geographical and ecosystem scales and include exotic species or weeds from neighboring farmland. These species therefore tend to share some similar ecological traits, such as wind dispersal of seeds, small seed size, long life-span of seeds, and abundant seed production (Baker, 1974) . This ecological similarity among nonconstituent species results in similar responses to anthropogenic disturbance; Thus, nonconstituent species in soil seed banks could serve as an ecosystem indicator of anthropogenic disturbance in forest ecosystems (Lin et al., 2006) .
Although previous studies reported the distribution of forest soil seed banks in some mountains, these studies were conducted only in a single climatic zone and did not include elevational gradients in a continuous geographical gradient of different climatic zones. Yunnan Province is in the southwest of China, on the southeastern extension of the Himalayas, and it has tropical rain forest, subtropical evergreen broad-leaved forest and subalpine coniferous forest (Wu et al., 1987) . However, the variation in the elevational distribution of soil seed banks in each climatic zone has received little attention. Therefore, the present study examines elevational changes of soil seed banks in tropical, subtropical and subalpine climatic zones of Yunnan Province. We aim to (1) determine how the size (seed density), species composition and richness of soil seed banks respond to variation in elevation in the three climatic zones; (2) analyze the variations in similarity between the soil seed bank and standing vegetation; and (3) explore the changes in nonconstituent species in soil seeds banks in these forests. We hypothesized that: 1) the size (seed density or abundance) and species richness of soil seed banks decrease with elevation in all three climatic zones; 2) similarity between soil seed bank and standing vegetation increases with elevation, because the species pool becomes smaller due to the harsher environment at high elevations; and 3) both seed abundance and species number of nonconstituent species decrease with elevation, as a consequence of reduced human activities in montane areas.
Materials and methods

Study area
This study was carried out in Yunnan Province, southwest China. Study sites were in tropical (Xishuangbanna e southwest Yunnan), subtropical (Ailao Mountains e central Yunnan) and subalpine (Lijiang e northwest Yunnan) zones (Fig. 1) . Also, the sites represent geographical and climatic gradients of latitude, elevation, temperature and precipitation from south to north in this province (Table 1) . In each vegetation zone, an elevational transect comprised of four points (elevations) at 200-m intervals from each other, was established. Five plots (20 m Â 20 m) at each elevation were set up, and all the trees with DBH ! 5 cm in each plot were measured and identified to species.
Xishuangbanna lies on the northern edge of the tropics in southeast Asia and borders Laos and Myanmar to the south and west. This area has a tropical seasonal rain forest below 900 m a.s.l. due to monsoon climate with an alternation between a rainy (MayeOctober) and dry (NovembereApril) season (Cao et al., 1996 . Dominant tree species in the tropical seasonal rain forest study site were Parashorea chinensis, Pittosporopsis kerrii, Garcinia cowa, Castanopsis echidnocarpa, Mezzettiopsis creaghii, and Sloanea tomentosa (Lan et al., 2009) . On mountains over 1000 m, tropical montane evergreen broad-leaved forests occur .
Ailao Mountain is located in the subtropical zone in central Yunnan Province. Subtropical middle montane moist evergreen broad-leaved forest is distributed between 2000 me2600 m. The forest is dominated by Castanopsis wattii, Lithocarpus hancei, Lithocarpus xylocarpus and L. truncates.
Lijiang is in northwest Yunnan. Our study site is on Yulong Snow Mountain, which is the southeastern extension of the Tibetan Plateau (Niu et al., 2013) . The major forest type between 3100 me4000 m on this mountain is subalpine coniferous forest dominated by species of Pinaceae, such as Abies forrestii and Abies georgei (Wang et al., 2001 ).
Sampling methods
At each of the four elevations in each vegetation zone, we chose one of the five plots for soil sampling. Twenty soil cores (10 cm Â 10 cm Â 10 cm) were taken at 2 m intervals along two 20 m-long transects in the plot. Fresh litter on the soil surface was removed before sampling and discarded. Each soil core was sampled in three different layers (depths): 0e2 cm, 2e5 cm and 5e10 cm. This was completed by using two special flat shovels that were exactly 10 cm wide, along with a steel tape (Cao et al., 2000a,b) . All samples from each soil core were placed separately in cloth bags and transported to Xishuangbanna Tropical Botanical Garden at Menglun Township, Xishuangbanna Prefecture for germination trials. The soil samples were collected at the end of the rainy season in 2013 for the Xishuangbanna site and in 2014 for the Ailao Mountain and Lijiang sites, when most seeds had dispersed (Zhang and Song, 2015; Yang et al., 2010) .
Seed germination
Each soil sample was sieved with a 2-mm sieve to removed gravels and dead plant material buried in the soil. Soil samples were spread evenly into germination trays of different sizes to a depth of less than 2 cm. Before the soil was put into trays, the bottom of each tray was pierced to prevent the soil from becoming water-saturated (Li et al., 2010) . All trays were put in a nontemperature controlled glasshouse to reduce contamination of seeds from the outside. Eight additional trays containing sterilized soil (105 C for 12 h) were used as controls for testing seed contamination.
The germination trays were watered once or twice a day as needed to keep the soil samples moist. Seedlings were counted every 2 days during the first 60 days and then every 5e6 days afterwards. Seedlings were removed once they were identified. Seedlings that were difficult to distinguish were transplanted to separate containers for continued growth until they could be identified. After removing all seedlings within a tray, the soil sample was stirred and kept for germination until no more seedlings emerged for two weeks.
Data analysis
Seed density was calculated as the average number of emerged seedlings per square meter (at a depth of 10 cm) from soil samples. A one-way ANOVA followed by the TukeyeKramer test (in SPSS 19.0) was used to analyze the differences in seed density among elevations. The level of significance was set at p < 0.05.
Species diversity indices of soil seed banks were measured based on the following formulas: ShannoneWiener diversity index: H' ¼ À P (P i lnP i ) (Magurran, 1988) Simpson diversity index: Keylock, 2005) where P i is the proportion of individuals of the ith species out of the total individuals at each elevation, i.e., P i ¼ (N i /N), where N is the total number of individuals recorded in the 20 soil samples at each elevation and N i is the number of the individuals of the ith species in the 20 soil samples at each elevation. Non-metric multi-dimensional scaling (NMDS) was used to explore the pattern of species composition of 20 soil samples at each elevation in R 3.2.2 using the package vegan (Legendre and Legendre, 1998) .
Similarity between soil seed bank and standing vegetation was calculated using the Sørensen similarity index: S ¼ 2c/(aþb) (Sørensen, 1948) , where a is the number of species of soil seed bank, b is the number of species of standing vegetation, and c is the number of species shared by both.
All the information on the soil seed banks for Xishuangbanna site (tropical forest) was analyzed based on the primary data of Zhang and Song (2015) .
Results
Seed density
A total of 17,579 seeds germinated in the soil samples, and seed density varied among the three sites (Table 2 ). In the tropical forest, the soil seed bank at 800 m had more seeds than that at higher elevations, while the lowest seed density was observed at 1400 m. The highest seed density in soil seed banks of the subtropical forest occurred at 2000 m, although there was no significant difference in seed density between 2200 m, 2400 m and 2600 m (p > 0.05, Table 2 ). Therefore, both tropical and subtropical sites had the most abundant soil seed banks at the basal elevations (800 m and 2000 m, respectively). The subalpine forest had the highest seed density at 3400 m, but seed densities at the other three elevations did not differ significantly (p > 0.05). Looking at seed density of the basal elevation of the three sites (i.e. 800 m for tropical site, 2000 m for subtropical site and 3200 m for subalpine site), we observed that the soil seed bank at 2000 m (subtropical site) possessed the highest seed density, followed by tropical and subalpine sites (Table 2) . 
Species composition
Soil samples from the tropical, subtropical and subalpine sites contained 129, 81 and 50 species (2540 unidentified seedlings excluded), respectively (Appendices 1-3), and number of species tended to decline with an increase in elevation. Among the three sites, soil seed bank at 800 m had the highest number of species, while that at 3800 m had the lowest (Fig. 2) . However, the species diversity index was higher in the subtropical than in the tropical and subalpine forests when the three basal elevations (i.e. 800 m, 2000 m, and 3200 m, respectively) in each site were compared (Fig. 3) .
Woody species (tree þ shrub) dominated the soil seed banks in the tropical forest (Table 3) , and the highest proportion of tree and shrub seeds occurred in soil at 800 m. In the subtropical forest, shrubs and herbs dominated the soil seed bank, and the highest proportion of tree and shrub species occurred at 2000 m. In the subalpine forest, however, herbs were dominant at all four elevations, and seeds of tree species were nearly absent from the soil seed bank (Table 3 ). In the Xishuangbanna site, Digitaria sanguinalis obviously was dominant at the four elevations, although this species also commonly occurs in farm fields, roadsides and weedy places in subtropical and tropical areas. In contrast, Neolamarckia cadamba (formerly Anthocephalus chinensis), Buddleja asiatica and Ludwigia hyssopifolia only dominated at 800 m; Ficus variegata var. chlorocarpa, Wendlandia uvariifolia and Crassocephalum crepidioides were dominant only at 1000 m. At higher elevations (1200 m and a The number and proportion in bracket of each species in the soil seed bank at each elevation, the bold fonts were the five most abundant species at each elevation. 1400 m) where tropical montane evergreen broad-leaved forest occurs, Melastoma malabathricum, Wendlandia tinctoria and Eurya pittosporifolia dominated the soil seed banks, although Maesa montana was dominant only at 1200 m. In the Ailao Mountain site, no species dominated at all four elevations. However, there were some species that were dominant at one elevation, such as Maesa indica, Ficus beipeiensis, Boehmeria clidemioides var. diffusa and Laggera alata at 2000 m; Elatostema laevissimum, Docynia delavayi and Laportea bulbifera at 2200 m; Scleria terrestris, Carex teinogyna; Ilex coralline at 2400 m; and Rubus sumatranus and Eurya groffii at 2600 m.
In the Lijiang site, the soil seed banks at 3200 m and 3400 m shared three dominant species, i.e. Philadelphus delavayi, Pilea sinofasciata and Ainsliaea latifolia. Four and three species were dominant at 3600 m and 3800 m, respectively. However, we did not observe tree species as dominants at the four elevations of the transect.
NMDS analysis
Species composition of 20 soil samples at each elevation tended to be more homogeneous than between elevations, as the 20 points representing 20 soil samples from same elevation aggregated in the NMDS plot (Fig. 4) .
Similarity of woody species between soil seed bank and standing vegetation
In general, the values of Sørensen's index between soil seed bank and standing vegetation at low elevations were lower than those at high elevations in both tropical and subtropical sites. Further, the soil seed bank obviously had more woody species than the standing vegetation at all elevations (Table 5) . However, the subalpine site had a completely different pattern, and here no woody species were shared by the standing vegetation and soil seed bank. Contrary to the tropical and subtropical sites, standing vegetation of the subalpine site had more woody species than the soil seed bank at 3200 m, 3400 m and 3600 m (Table 5) .
Nonconstituent species in soil seed banks
Fifteen nonconstituent species germinated from soil samples of Xishuangbanna and four from those of Ailao Mountain, while none was found from those of Lijiang (Table 6 ). All the nonconstituent species from Xishuangbanna and Ailao Mountain were herbs. D. sanguinalis and C. crepidioides occurred at all elevations, and D. sanguinalis was the most abundant (1625), followed by Ludwigia linifolia (149) and C. crepidioides (54). In Ailao Mountain, Ageratina adenophora, Laggera pterodonta and C. crepidioides occurred at the four elevations, of which A. adenophora was the most abundant species (Table 6 ).
Discussion
Seed density and species composition
Overall, both tropical and subtropical forests had higher seed densities than subalpine forests (Table 2) . Seed density at 800 m (10,540 ± 1577) was much higher than that of the same forest type 10 years ago (5415 ± 3232, Tang et al., 2006) . This increase was largely due to an increase in the number of N. cadamba seeds that germinated (1173 seeds germinated in our study and 81 in the study 10 years ago). This species is a common pioneer tree species in tropical Asian forests (Richards, 1996) . Meanwhile, the number of species 10 years ago was 87, and it decreased to 71 in our study (Fig. 2) .
Previous studies found that the seed density and species diversity of the soil seed bank peaked at an intermediate elevation (Zhang and Fang, 2004b; Li et al., 2012; Erfanzadeh et al., 2013) . This seems to be true for the subalpine site in our study, but the tropical site had the highest seed bank species diversity at the highest elevation (1400 m). In addition, species diversity of subtropical soil seed bank did not show significant differences between 2000 m, 2200 m and 2600 m; however, species diversity for the subtropical seed soil bank at 2400 m was significantly lower than at the other three altitudes (Fig. 3) .
With regard to the life form spectrum of the dominant species, a transition of tree þ shrub / shrub þ herb / herb was observed in the tropical, subtropical and subalpine sites (Tables 3 and 4 ). Some studies proposed that the occurrence of pioneer tree species in the soil seed bank plays an important role in forest dynamics, because the regeneration of forests depends on the alternation of climax species and pioneer species (Swaine and Whitmore, 1988; Whitmore, 1989; Richards, 1996) . Thus, the dominance of some tree species such as N. cadamba, Ficus semicordata and Wendlandia spp. in the tropical soil seed bank serves as a species pool for future regeneration. In contrast, the subalpine site was dominated by herbs, and only one deciduous broad-leaved tree species (Padus buergeriana, 2 seeds) germinated from the soil seed bank. These results partially explain why the coniferous forest remains in the meadow stage of succession for a very long time after it is degraded (Liu et al., 2002) . On the other hand, this result is different from that obtained for a P. schrenkiana forest in the Tianshan Mountains, northwest China, where seeds of P. schrenkiana occurred in all the soil samples from 13 elevations ranging from 1500 me2700 m (Li et al., 2012) . A study on the soil seed banks in Abies fargesii and Larix chinensis forests in the Qinling Mountains, northern China, also found some seeds of the two tree species (Zhang and Fang, 2004b) . The tropical forest had the highest species richness, followed by the subtropical forest and subalpine forest. Further, species richness of the soil seed banks in tropical and subtropical forests tended to be larger at low than high elevations (Fig. 2) . This result is in line with our expectations because tropical and subtropical sites have richer species pools than subalpine sites. However, tropical forests did not show the highest values of species diversity indices (Fig. 3) , reflecting the uneven distribution of seed abundance.
Similarity between soil seed bank and standing vegetation
The similarity of woody species composition between the seed bank and standing vegetation was very low at all elevations and sites (below 11.00% in terms of Sørensen's index) (Table 5) , suggesting a minor contribution of the woody species of the standing vegetation to the soil seed banks. This result is consistent with other findings for tropical forests (Tang et al., 1999) , subtropical forests Wei et al., 2005) , temperate forests (Olano et al., 2002) , subalpine and alpine forests (Erfanzadeh et al., 2010; Pei et al., 2012; Zhou et al., 2013) and grasslands (Funes et al., 2001) , where the species composition of the soil seed bank differs greatly from that of the standing vegetation.
Some studies have found that species similarity between the soil seed bank and standing vegetation is very low (Hill and Stevens, 1981) , especially in the late successional stage of the forest, which has a much lower similarity than early successional stages (Garwood, 1989; Huang et al., 1996; Xiong et al., 1992) . The larger number of woody species in the soil seed bank than in the standing vegetation and thus the low similarity between the two can be explained by the fact that (1) the seed bank composition may be derived from a former successional stage (Thompson et al., 1998) , (2) seeds from standing vegetation failed to remain viable in the soil seed bank, (3) seeds may germinate immediately once they fall into a moist habitat (Gross-Camp and Kaplin, 2005) , and (4) the regeneration of forest depends on the cyclic replacement of different tree species groups (Whitmore, 1982 (Whitmore, , 1990 ).
We did not expect to obtain a "0" similarity between the soil seed bank and standing vegetation at the basal elevations of the tropical and subtropical sites. Furthermore, the subalpine site showed the same trends at all elevations ranging from 3200 m throughout 3400 m, 3600 m and 3800 m (Table 5) . Does this suggest that none of the seeds of the canopy tree species remain viable in the soils under the forests? This merits long-term monitoring of these soil seed banks.
Nonconstituent species
A total of 15 nonconstituent species was recorded in the Xishuangbanna site, and seeds of these species accounted for an average of more than 30% of the total seeds that germinated in the samples, indicating disturbance to some extent. Four of the nonconstituent species were also found along four elevations in the Ailao Mountain site, of which A. adenophora (formerly Eupatorium adenophorum) was the most abundant alien species. This species appears to be very invasive to the native ecosystems in southwest China. Since it became colonized in the 1940s, its dispersal has been closely associated with human activities (Liu et al., 1985) . This species has a persistent soil seed bank and can germinate after disturbance occurs in forests (Shen et al., 2006; Song et al., 2017) . Lin and Cao, (2009) showed abundant seed storage of this species in the soils in the interior of a subtropical forest in Ailao Mountain because of edge effects, although no individuals of this species were observed in the understory vegetation. Impressively, another herbaceous species, C. crepidioides commonly occurred in both tropical and subtropical soil seed banks under the forests. This is a pantropical weed in fallow fields, on slopes, roadsides, streamsides and thickets in Africa, S and SE Asia, Australia, Central and South America, and the Pacific islands. It was previously recorded mostly below 300e1800 m in Jiangxi, Fujian, Hunan, Hubei, Guangdong, Guangxi, Guizhou, Yunnan, Sichuan, and Xizang provinces of China (Editing Committee of Flora of China, 1999), but we have observed it in the soils of the forest interior even up to 2600 m, indicating the potential colonization of this species at higher habitats in the event of disturbance.
We did not detect nonconstituent species in the forest soils in the subalpine site, but whether this is due to the harsh environment or inaccessibility of these species has not been determined.
Conclusions
The seed density of soil seed banks in tropical and subtropical sites peaked at low elevations (i.e. 800 m and 2000 m, respectively), but at intermediate elevation (3400 m) in the subalpine site. The tropical forest had the highest number of species in the soil seed bank, subtropical forest had a moderate number and subalpine forest had the lowest number. A transition in dominant life form in the soil seed banks was observed: tree þ shrub for the tropical site / shrub þ herb for the subtropical site / herb for the subalpine site. Tree seeds dominated the tropical soil seed banks, but they were very rare (only 2 seeds) in the subalpine soil seed banks, suggesting a longer regeneration after forest clearance compared with tropical and subtropical forests. Similarity (Sørensen index) of woody species composition between the soil seed bank and standing vegetation was very low at the lowest tropical and subtropical sites and decreased with an increase in elevation. In subalpine forests, there was no common woody species shared by the soil seed bank and standing vegetation. All the nonconstituent species occurring in soil seed banks were herbs, and seed abundance and species number decreased from tropical / subtropical / subalpine forests but not with an increase in elevation in either the tropical or subtropical sites. Nonconstituent species were completely absent from the soil seed bank of the subalpine site. 
